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Load Sensing System 



The present invention relates to braking systems for 
vehicles, and is particularly concerned with braking 
systems for passenger or load-carrying vehicles, most 
particularly light commercial vehicles. 

Commercial vehicles have for many years been fitted 
with servo braking systems which apply brake fluid, which 
may be a hydraulic fluid or air, to brake actuator 
cylinders in response to control inputs from the vehicle 
driver. Pressure of the driver's foot on a brake pedal 
controls the flow of brake fluid to operate the brake 
actuator cylinders and apply brake shoes or pads to the 
vehicle wheel hubs or brake discs, respectively. The 
fluid is provided to the actuator cylinder from a high- 
pressure source via a servo device. By this means, the 
force applied by the driver to the pedal is amplified to 
the levels necessary to arrest the movement of a heavy 
vehicle. 

In commercial vehicles, it is desirable for the 
vehicle to be able to carry a large payload in proportion 
to the unladen weight of the vehicle, and thus there is 
great variation between the unladen and fully laden 
weights of such vehicles. When the vehicle is unladen, 
deceleration can be achieved satisfactorily with 
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relatively low fluid pressures in the brake actuator 
cylinders. As the total weight Qf ^ vehicle 

increases, braking requires higher fluid pressures in the 
brake actuator cylinders in order to produce the same 
deceleration rate. it is also necessary to provide a 
braking system which provides predictability to the 
driver, by giv ing the same or s imjj^dece leration r ates 
for similar pedal pressures at any loading state of the 
vehicle . This_is_achi eved by p roviding ,a .^akj^o 
which, for the samejpedal J^s^e applied by the driver, 
applies l ess fluid pressure to the brake ^actultor 
.fy. 1 .^". ^en .the .vehicle is ..unladen than when it is 
heavily loaded. 

To effect such a control of the vehicle braking 
system, it is conventional to provide a throttling valve, 
known as the "load jenaxng valve- in the fluid circu±t 
supplying the brake actuator cylinders. The load 

sensing valve comprises a valve body and an operating 
arm, the valve body having a passage provided with a 
variable throttling element whose throttling effect is 
varied by moving the operating arm. The valve body is 
conventionally fixed relative to the vehicle body and the 
operating arm is attached to an axle of the vehicle on 
spring-suspended vehicles . This arrangement may however 
be reversed. As more load is placed on the vehicle, the 
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suspension springs are compressed, and the distance 
between the points to which the load sensing valve is 
attached varies as the axle moves nearer to the vehicle 
body. The compression of the suspension springs 

progressively reduces the "ride height" of the vehicle as 
it is more heavily loaded, and acts as an indicator of 
the weight of the vehicle. An individual correlation 
will therefore exist between the loading state and the 
ride height of the vehicle, depending on the 
characteristics of the suspension springs. The driver of 
the vehicle will become accustomed to the braking 
performance of the vehicle at various loading states. 

The operation of the load sensing valve is to 
\provide a strong throttling action to reduce the flow of 
brake fluid to the brake actuator cylinders when the 
/ vehicle is lightly loaded, and when the vehicle is 
M^eavily loaded to provide little or no throttling action 
and allow brake fluid to flow unimpeded to the brake 
actuator cylinders when the driver applies pedal 
pressure. The actual braking effect generated by the 
brake actuator cylinders thus increases as the vehicle is 
more heavily loaded. Each vehicle has a design 
relationship between the gross weight and the braking 
amplification factor, calling for a predetermined 
variation of the degree of throttling provided by the 
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load sensing valve over the range of vehicle weight from 
unladen to maximum gross weight. Typically, the load ' 
sensing valve will reduce the brake fluid pressure by 
some ISOOpsi when the vehicle is unladen, and will all ow 
free flow when the vehicle is at its maximum gross 
weight . 

In recent years the use of "air suspension" has 
become widespread in heavy goods vehicles. However, in 
applying this technology to light goods and passenger 
vehicles, vans or the like a significant difficulty has 
emerged as regards the variation of braking performance 
with vehicle weight. 

In vehicles using air suspension, the vehicle is 
supported on its axles not by springs but by suspension 
units or "bags" filled with air under pressure. The 
"bags" m ay be flexible structures of toroidal or other 
form, or may be telescoping structures having sliding or 
rolling diaphragm seals. The "ride height" of the 
vehicle is controlled by varying the pressure within the 
bags, and thus is no longer dictated by the gross vehicle 
weight. The bags may also be inflated or deflated to 
raise or lower the vehicle body in relation to the 
ground, this feature being of great assistance in loading 
the vehicle, since by lowering the vehicle body the 
height to which cargo need be lifted to enter the 
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vehicle's loadspace is reduced. 

It has been found that the handling and 
"driveability" of the vehicle is improved by adopting a 
control system for the bag pressure which adjusts the 
ride height to a maintain it at a constant level slightly 

below the unladen Dosition. snr*h a ^+^1 _ ,. 

i. — ww..wa.<_.j. piuviuBs ior 

a predetermined amount of suspension travel at all 
loading states, to maintain the ground clearance of the 
vehicle at a required distance. Ride height control may 
be achieved by admitting air into or venting air from the 
bags in response to a measurement of ride height. 
Maintaining a constant ride height however means that the 
ride height cannot be used as an indicator of the 
vehicle's gross weight in a control arrangement for the 
braking system. 

An objective of the present invention is to provide 
a braking system for a vehicle with air suspension, 
wherein the brake servo amplification factor increases in 
proportion to an increase of the gross vehicle weight. 

Another objective of the invention is to provide a 
braking system for a vehicle with air suspension, wherein 
the braking performance varies as a function of the gross 
vehicle weight throughout a predetermined weight range. 

A further objective is to provide a load sensing 
arrangement for a vehicle with air suspension, operable 
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- control tne braking . system ^ ^ ^ 
accordance with the grQss veh . cie w ^ 

A yet further objective of the invention is to 
Provide a combined alr sumon Md brakin9 ^ ^ 

a vehicle. „ hereby a substantially cQnstant hei ^ 
may be maintained and the h^w_ 

K ^ect varied i n 
accordance with the gross vehicle weight. 

In accordance with a first aspect of ^ 
—e is provided a vehicle havi ng a body suspended on 
°ne or .ore axles by «ea„s of g as-fi lled bags , ^ 

vehicle being provided with means to varv the 

vary the pressure 

—in the bags to control the spacing between the body 
and the axle or axles and a bracing system suppl ying a 
^e fluid to bracing actuators operable to brafce the 
-hide. Wheels, and further comprising a load sensing 
valve operable to applv . variable, throttling effect to 

iBPede fl °" °* «»* « bracing actuators 

characterised in that the throttling effect of the load 

sensing valve is varied by a control m 

y a control means responsive to 
the pressure within the gas-filled bags. 

A second aspect of the present invention provide, 
load sansing arrangement for a braxing system of . 
vehicle with air suspension, the load sensing arrangement 

comprising a sensor for detectina t-h» • 

meeting the air pressure in the 

axr suspension, a variable throttli™ , , 

"rottling valve operable to 
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control the flow of brake fluid to a brake actuator, and 
control means to vary the throttling effect of the 
throttling valve in dependence on the output of the 
pressure sensor. 

In an advantageous embodiment of the load sensing 
arrangement, the variable throttling valve comprises a 
valve element movable between closed and open positions 
to vary the throttling effect, and a fluid pressure 
actuator responsive to the pressure in the air suspension 
and operable to urge the valve element toward its open 
position against a restoring force. The restoring force 
may be provided by a second fluid pressure actuator, or 
by a resilient element such as a spring. The second 
fluid pressure actuator may be supplied with fluid at a 
reference pressure. Alternatively, the second fluid 
pressure actuator may be supplied with fluid at one of a 
number of pressures selected on the basis of the vehicle 
load . 

In an alternative embodiment of the load sensing 
arrangement, the pressure in the air suspension is sensed 
by an electrical or electromechanical sensor to provide 
an electrical output signal corresponding to the 
suspension pressure, and the variable throttling valve is 
electrically controllable to vary the flow of brake fluid 
to a brake actuator, and a control circuit varies the 
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throttling effect of the throttling valve in dependence 
on the output signal from the pressure sensor. It is 
further foreseen that the suspension and braking systems 
may be interlinked by an electrical or electronic control 
means, by providing sensors giving electrical output 
siqnals relatina to „r id.fi hpfaht -ho pnni-.ro] -t-Ko _..e 

-* ' — - - Z> .-.w^w.fc. t-UC ^> l_i _1_ ^ f^J J_ 

air to the suspension units, a detector to give an 
electrical output corresponding to suspension unit 
pressure , and an electrically controllable throttling 
valve to vary the flow of brake fluid to a brake 
actuator, the control means providing control signals to 
the throttling valve in dependence on the sensed 
suspension unit pressure. 

Embodiments of the invention will now be described 
in detail with reference to the accompanying drawings, in 
which: 

Figure 1 shows a schematic view of an air suspension 
system and associated braking system according to a first 
embodiment ; 

Figures 2A and 2B are a schematic views of the load 
sensing valve of the suspension and braking system of 
Figure 1 when the vehicle is lightly loaded and heavily 
loaded , respectively; 

Figure 3 is a schematic diagram showing an 
alternative load sensing arrangement using electrical 
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Figure 4 is a schematic diagram of the control 
system of the embodiment shown in Figure 3; and 

Figure 5 is a schematic diagram similar to Figure 1 
illustrating a further alternative embodiment of the 
braking control system. 

Referring to Figure 1, there is shown an air 
suspension system for a vehicle comprising an air 
compressor 1, an air reservoir 2, a ride height sensor 3 
and a pair of air bags 4. The air bags 4 are positioned 
between the vehicle body (not shown) and the vehicle 
axle, to support the body. 

The ride height sensor 3 is a valve which in one 
control position can admit air from the reservoir 2 to 
the air bags 4, and in a .second control position seals 
the air bags from the reservoir, and in a third control 
position can allow air to escape from the air bags 4 to 
atmosphere. The ride height sensor 3 is conventionally 
mounted to the vehicle body, and has a control element 
linked to an axle. As the axle is moved relative to the 
vehicle body, the control element of the ride height 
sensor moves to place the ride height valve in one of the 
three control positions. The arrangement is such that 
when the vehicle body is in the datum position relative 
to the axle, the ride height sensor is in its second 
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position and air is neither admitted to nor vented from 
the air bags 4. The datum position of the body is set to 
be slightly below the body height at maximum suspension 
extension, to provide for the maximum usable suspension 
travel during operation of the vehicle while enabling the 
suspension to lift the vehicle body slightly above datum 
height during a transition from a loaded to an unloaded 
state. 

When an increase in load compresses the air bags 4, 
and lowers the vehicle body from its datum position, the 
ride height sensor is moved to its first control position 
and air is admitted to the air bags to reinflate them 
until the datum height is regained. 

With a decrease in load, the air bags 4 expand and 
lift the vehicle body slightly above its datum position. 
The ride height sensor is then moved to its third control 
position and air is vented from the air bags to deflate 
them until the vehicle body returns to datum height. 

The vehicle braking system comprises a brake pedal 
10, linked to a master cylinder 11 to provide a brake 
pressure input to a servo 12. Servo 12 increases the 
brake pressure and supplies the increased pressure to 
load sensing valve 13. Valve 13 throttles the brake 
fluid, and controls its passage to brake actuator 
cylinder 14. When fluid is supplied to the actuator 
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cylinder 14, brake shoes 15 expand to contact brake drum 
16 and slow the vehicle. While an expanding shoe drum 
brake has been shown schematically in the Figure, it will 
be understood that any brake mechanism operated by fluid 
pressure may be used. Likewise it is to be understood 
that the fluid pressure may be transmitted by hydraulic 
fluid or other liquid, or by a compressed gas such as 
air. 

The load sensing valve is shown schematically in 
Figures 2A and 2B, and comprises a valve body 20 having 
an inlet 21 and an outlet 22 for brake fluid. An 
internal passage 23 in the body 20 connects the inlet 21 
to the outlet 22, and includes a throttling element 24 
controlled by a swinging arm 25. The position of the 
swinging arm 2 5 determines the amount of throttling or 
flow restriction in the passage 23 by advancing or 
retracting throttling element 24 into or from the passage 
23. 

Two actuators 2 6 and 27 exert forces on the swinging 
arm 25. Actuator 2 6 is a fluid actuator, in this case an 
air bag similar to the air bags 4 but on a reduced scale, 
and is in fluid communication via a duct 2 8 with the air 
bags 4 of the suspension system. Fluid pressure within 
the actuator 26 is the same as the fluid pressure in the 
air bags 4, and is thus dependent on the gross vehicle 
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weight. The force exerted by the actuator 2 6 on the 
swinging arm 25 is in the sense of retracting the 
throttling element 24 from the passage 23, i.e. 
decreasing the throttling effect of throttling element 
24 . 

A second actuator 27 acts on the swinging arm 25, in 
the opposite sense to the actuator 26, Fluid pressure is 
supplied to the second actuator 27 from the reservoir 2, 
via a pressure regulator 29 (seen in Figure 1). The 
pressure within the actuator remains constant, but it is 
a feature of the air bag type of actuator that its 
"spring rate" increases as its volume decreases. 

In operation, the load sensing valve is in the 
position shown in Figure 2A when the vehicle is lightly 
loaded. An increase in vehicle weight causes the vehicle 
body to drop, and the ride height sensor 3 operates to 
provide compressed air to the air bags 4 to lift the body 
back to its datum position. The pressure within the air 
bags 4 is thus increased, and this increased pressure is 
transmitted via duct 28 to the actuator 26, increasing 
its force. The increased force of actuator 2 6 overcomes 
the resistance of actuator 27, and swinging arm 25 moves 
to a new position (Figure 2B) in which the throttling 
element 24 is retracted from the passage 2 3 to reduce the 
throttling effect of the load sensing valve. The 
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actuator 27, although supplied with fluid at a constant 
reference pressure, provides a progressively increasing 
resistance force as the actuator 2 7 is compressed. 

Similarly, as the vehicle weight is reduced, the 
ride height sensor 3 causes a pressure drop in the 
suspension air bags 4, and thus also in actuator 26, 
allowing actuator 27 to move the swinging arm 25 
clockwise as seen in Figures 2A and 2B to increase the 
throttling effect of the load sensing valve. 

The second actuator is a fluid actuator in the 
embodiment shown, but in alternative embodiments may be 
a resilient element such as a tension or compression 
spring, or a torsion spring operating on the swinging arm 
pivot. The spring may have a constant or a variable 
rate, i.e. the spring force may vary linearly or non- 
linear ly as the position of the swinging arm changes . 

In the embodiment shown in Figure .3, the fluid 
communication via duct 2 8 between the braking and 
suspension systems is replaced by an electronic control 
^ystem. In Figure 3, the suspension system again 
comprises a compressor 1, a reservoir 2 and air bags 4. 
A ride height sensor 30, which may be a variable resistor 
or capacitance or a position sensor cooperating with the 
suspension members, is arranged to produce an electrical 
output signal corresponding to the ride height. 
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ride height. 

A pressure transducer 34 then senses the pressure in 
the air bags 4, and provides an output signal to the 
control circuit 31 corresponding to the sensed pressure. 
This output is also indicative of the vehicle weight when 
the vehicle is at the desired ride height - since the ride 
height adjustment raises or lowers the pressure in 
accordance with the vehicle weight. 

On the basis of the sensed pressure, control circuit 
31 provides control signals to an electromechanical valve 
35 in the braking circuit to vary its throttling effect. 
The valve 35 acts in the same way as the load sensing 
valve 13 of the embodiment shown in Figure 1. The 
control circuit may include a look-up table 4 0a in memory 
40 correlating values of sensed air bag pressure at the 
desired ride height with required positions for the 
throttle valve. 

In an alternative embodiment, a conventional load 
sensing valve may be used, with an electromechanical 
actuator, such as a linear motor or a stepper motor and 
gearing, controlled by the control circuit 31 to position 
the swinging arm of the load sensing valve at the 
appropriate position for the sensed vehicle weight. Such 
an arrangement is contemplated for retro- fitting air 
suspension to light commercial vehicles originally 
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equipped with spring suspension. 

-She-HiefflOly 1U Ul L'dliLjLul Uij.Lu±L-!»*iBajMa&. 
with a look-up table 40a correlating a range of valued 
ride height and suspension air bag pressure winfh gross 
vehicle weight, so that for any coinbinati^fc of sensed 
values of pressure and ride height, fe*£ gross vehicle 
weight can be immediately read out fa4i the table. Valve 
35 can then be controlled on j4 basis of this gross 
weight value, without having/to wait for the ride height 
control to inflate or deflate the air suspension to reach 
the desired ride hei^nt value for sensing the air bag 
pressure and thereby obtaining the gross weight. The 
look-up table/Soa may be generated in a calibration 
process wh^ein the ride height is varied at different 
gross wights, and correlating pairs of sensor outputs 
froip/the ride height and air pressure sensors are noted 
=»ar?h l eading staj-p . 
The display 43 may be provided with data to display 
the instantaneous vehicle weight and actual ride height, 
and input device 32 may be used by the driver to raise or 
lower the ride height for loading and unloading, for 
example to match the vehicle height to a loading dock or 
kerb. For example, the control circuit 31 may include 
circuitry enabling the driver to increase or decrease the 
ride height incrementally, for example in 10mm steps, to 
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match a loading dock height and the vehicle load bed 
height . 

Figure 5 shows an alternative embodiment of the 
suspension and braking control system. In this Figure 
components corresponding to components in Figure 1 have 
been assigned the same reference numerals. In Figure 5, 
the compressor 1 supplies air to the air reservoir 2, 
which supplies air via a water separator 52 and a non- 
return valve 53 to the ride height sensor 3. Air is 
supplied to the suspension air suspension airbags 4 via 
a line 54, in which a pressure switch 55 is installed to 
sense the air suspension pressure. 

The pressure switch 55 is operatively connected to 
pressure regulator 2 9 , which controls the air pressure in 
the second actuator 27. Pressure regulator 29 is capable 
of supplying air to the second actuator 27 at at least 
two controlled pressures, the reference pressure output 
by regulator 2 9 being selected in accordance with the air 
pressure sensed by the pressure switch 55. 

In a first control arrangement, the pressure switch 
55 is configured as a threshold detector, and gives a 
first output when the sensed pressure is below a 
predetermined threshold, and a second output when the 
sensed pressure is above that threshold. The pressure 
regulator 2 9 is arranged to provide first and second 
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reference pressures, and is operatively connected to the 
threshold detector 5 5 so that when the sensed pressure in 
the air suspension is below the threshold, the pressure 
regulator 29 provides a lower reference pressure to the 
second actuator 27. when the sensed pressure in the 
suspension is above the threshold, the arewnro ™,,v,._.. 
29 provides a higher reference pressure to the second 
actuator 27. m a typical arrangement in which the axle 
^ load of the vehicle varies from 700kg to 3200kg, the 
pressure in the suspension airbags may vary from 3 . 4 to 
7-5 bar (50 to 110 psi) and the pressure supplied to the 
second actuator 27 may be 1.5 bar (22 psi, when the air 
suspension pressure is at or below 5.8 bar (85 psi), and 
1.9 bar (28 psi) when the air suspension pressure is 
above 5.8 bar. 

In a second, alternative control arrangement the pressure 
switch 55 may be configured with a number of thresholds, 
dividing the range of pressure variation in the 
suspension airbags into a plurality of sub-ranges. The 
pressure regulator 29 may then be configured to provide 
a plurality of different reference pressures, each 
corresponding to one of the sub-ranges. m the typical 
example referred to above, the pressure switch 55 and 
pressure regulator 29 may be configured to deliver a 
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first reference pressure of 1.5 bar (22 psi) when the 
suspension pressure is from 3.4 to 3.8 bar (50 to 55 
psi), a second reference pressure of about 1.58 bar (23 
psi) when the suspension pressure is from 3.8 to 4.1 bar 
(55 to 60 psi), a third reference pressure of about 1.65 
bar (24 psi) when the suspension pressure is from 4.1 to 
4.47 bar (60 to 65 psi), a fourth reference pressure of 
about 1.72 bar (25 psi) when the suspension pressure is 
from 4.47 to 4.8 bar (65 to 70 psi), a fifth reference 
pressure of about 1.79 bar (26 psi) when the suspension 
pressure if from 4.8 to 5.1 bar (70 to 75 psi), a sixth 
reference pressure of about 1.86 bar (27 psi) when the 
suspension pressure is from 5.1 to 5.5 bar (75 to 80 
psi), and a seventh reference pressure of about 1.9 bar 
(28 psi) when the suspension pressure is above 5.5 bar 
( 80 psi) . 

As an alternative to a single pressure regulator 29 
which can supply a plurality of different reference 
pressures, each of the reference pressures may be 
provided by a separate pressure regulator 29, with the 
pressure sensor 55 controlling a selector valve 
arrangement to connect the appropriate pressure regulator 
29 to the second actuator 27 . 



In a third alternative control arrangement, the pressure 
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